A B S T R A C T
Schizophrenia is associated with mentalizing deficits that impact on social functioning and quality of life. Recently, schizophrenia has been conceptualized as a disorder of neural dysconnectivity and network level analyses offers a means of understanding the underlying deficits leading to mentalizing difficulty. Using an established mentalizing task (The Triangles Task), functional magnetic resonance images (fMRI) were acquired from 19 patients with schizophrenia and 17 age-and sex-matched healthy controls (HCs). Participants were required to watch short animations of two triangles interacting with each other with the interactions either random (no interaction), physical (patterned movement), or mental (intentional movement). Task-based Partial Least Squares (PLS) was used to analyze activation differences and commonalities between the three conditions and the two groups. Seed-based PLS was used to assess functional connectivity with peaks identified in the taskbased PLS. Behavioural PLS was then performed using the accuracy from the mental conditions. Patients with schizophrenia performed worse on the mentalizing condition compared to HCs. Task-based PLS revealed one significant latent variable (LV) that explained 42.9% of the variance in the task, with theLV separating the mental condition from the physical and random conditions in patients with schizophrenia, but only the mental from physical in healthy controls. The mental animations were associated with increased modulation of the inferior frontal gyri bilaterally, left superior temporal gyrus, right postcentral gyrus, and left caudate nucleus. The physical/random animations were associated with increased modulation of the right medial frontal gyrus and left superior frontal gyrus. Seed-based PLS identified increased functional connectivity with the left inferior frontal gyrus (liFG) and caudate nucleus in patients with schizophrenia, during the mental and physical interactions, with functional connectivity with the liFG associated with increased performance on the mental animations. The results suggest that mentalizing deficits in schizophrenia may arise due to inefficient social brain networks.
Introduction
Schizophrenia is associated with marked deficits on a wide range of cognitive measures, including those assessing social cognitive ability (Bilder, 2009; Gur et al., 2007; Kalkstein et al., 2010; Nuechterlein et al., 2004) . Theory of mind (ToM), an aspect of social cognition, refers to the cognitive ability of inferring agency, intentions, and beliefs that oneself and others hold. Several converging lines of research have identified deficits in ToM in patients with schizophrenia (Brune, 2005; Harrington et al., 2005) and explored the underlying neural architecture of these deficits (Sugranyes et al., 2011) . Although the relationship between ToM and other neurocognitive domains awaits full explanation (Carrington and Bailey, 2009), specific regional activation differences when performing ToM tasks (Adolphs, 2009), coupled with behavioural evidence for distinct cognitive processes (Mehta et al., 2013) , suggest an independent role for ToM in understanding the cognitive dysfunction observed in schizophrenia.
ToM is a broad concept that has been measured using a multitude of tasks. One aspect of ToM thought to be relatively free of other cognitive demands, is implicit ToM ability (Frith and Frith, 2008) . ToM can be considered to consist of both automatic, inflexible, implicit responses and thoughtful, mentally demanding explicit processes. Implicit ToM or mentalizing has been measured primarily using tasks that require viewing animated objects and inferring intention (Uddin et al., 2007) . One such task is The Triangles Task (Castelli, Happe et al., 2000) that requires participants to watch an animation consisting of
